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(54) Title: IMPROVED IMAGING SYSTEM FOR LUMINESCENCE ASSAYS 
(57) Abstract 

Apparatus for detecting light emit- 
ted by an assay sample is provided, in 
which light emitted by the sample is col- 
lected for transmission to a photosensi- 
tive detector such as a charge coupled 
device (CCD) (74) by an optica) fibre 
bundle. The cross-sectional area of the 
optical fibre bundle corresponds to the 
area of the sample, the end of which is 
located close to the sample for detecting 
any light emitted therefrom. Selected fi- 
bres (30) of those making up the bun- 
dle may be separated from the remain- 
der and extend to a source of excitation 
radiation (76) to convey excitation radia- 
tion to the sample. The remaining fibres 
(32, 38) serve to collect emitted light and 
provide a light path to the photosensitive 
detector (74). A blocking filter and an 
interference filter are placed between the 
fibre bundle and the detector. The block- 
ing filter may be between the bundle and 
the interference filter or between the lat- 
ter and the detector. Two blocking fil- 
ters may be provided one ahead of and 
the other downstream from the interfer- 
ence filter. The attenuation characteristic 
of the two filters may be different or the 
same. 




58 

76 
ANGLE 
COLLIMATOR 
(0PT/0NAL) 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


FI 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


sz 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Ttaly 


MX 


Mexico 


uz 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


ZW 


Zimbabwe 


CI 


C6te d'tvoire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






CU 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






CZ 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Germany 


LI 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







WO 00/05568 



PCT/GB99/02344 



Title: Improved Imaging System for Luminescer.ee Assays 
Field of Invention 

This invention concerns methods and apparatus for imaging and 
particularly the imaging of light emitting luminescence samples 
of the type in which the sample is illuminated with excitation 
radiation such as ultra-violet light, or where the sample is 
activated by some suitable chemiluminescent or bioluminescent 
means and is interrogated for any resulting emission light due 
for example to fluorescence within the sample. The invention 
is particularly concerned with multipath (or multichannel) 
systems in which a large number of samples car. emit light and 
need to be interrogated at the same time. 

Background to the invention 

PCT Application WO 98/01744 describes an imaging system for 
fluorescence assays in which an interference filter is used to 
enable highly selective transmission of the radiation which is 
to reach the imaging device such as a camera. 

Whilst an interference filter has a very sharp cut-off and 
allows virtually 100% transmission of desired wavelengths and 
virtually zero transmission of unwanted wavelengths, 
breakthrough can occur if light of a non acceptable wavelength 
is incident on the filter at a sufficiently large angle to 
satisfy the Fabry-Perot transmission criterion for the 
interference filter, ie the relationship between wavelength and 
angle of incidence for the interference filter. The unwanted 
wavelengths may be attributable to light emitted by the sample 
however it is stimulated. 

By using ' optical fibres to transmit light from the sample to 
the interference filter, and shielding the fibre ends from 
extraneous light as much as possible, rogue rays will in 
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general be restricted to reflected or refracted light, which 
m ay be excitation light, or light emitted by the sample due to 
activation by chemiluminescent or bioluminescent means and 
this will in general be of a fixed wavelength. Rays of such 
light which are capable of being transmitted via the optical 
fibres and are of such large angle as to be capable of breaking 
through the interference filter would probably be Skew rays and 
it has already been proposed in the aforementioned PCT 
Application to position an angle collimator between the 
interference filter and the camera to reduce the transfer to 
the camera of Skew rays issuing from the interference filter. 

It is an object of the present invention to further improve the 
blocking"' of such Skew rays and thereby further reduce the 
incidence of unwanted radiation on the detector. 

in the fluorescence assay imaging system described in PCT 
Application No. W098/01744, excitation radiation is supplied 
to the assay sample via an annular sleeve fitted around the end 
of a fibre optic bundle the end of which is in close proximity 
to the assay sample. The fibres collect emitted light due to 
fluorescence induced by the excitation radiation. It has been 
found that using an annular source of radiation does not 
produce the most uniform and sufficiently intense illumination 
of the assay reaction site, and it is a further object of the 
present invention to improve the uniformity and intensity of 
excitation illumination over the presented area of each assay 
reaction site, without prejudicing any light collecting 
efficiency of the fibres. 

Achieving uniformity over the reaction site has been found to 
be even more difficult to achieve where the sample is a very 
thin layer of cells or is contained or upon a thin gel or 
membrane . 

The problem identified above become even greater as the area 
of each reaction site decreases. This is tending to occur as 
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are 



greater numbers of samples and therefore reaction sites, 
accommodated in a sample supporting device such as a multi-well 
plate, multi-site membrane or gel or wafer, or chip of silicon 
or like material. 

It is therefore a further object of the invention to provide 
an improved illumination and collection system which allows 
sufficient excitation radiation, if required by the assay, to 
be introduced to, and emitted light to be collected from, 
reaction sites such as those in a 96 "well plate (for which the 
earlier imaging system of WO 98/01744 is generally adequate) 
as well as the much smaller reaction sites such as now exist 
in high format multiple sample plates containing many hundreds 
or even a few thousand reaction sites per plate. 

The invention is applicable to any luminescence producing 
assay. 

Light emitting luminescence processes, including fluorescence, 
chemi luminescence and bioluminescence , and/or a combination of 
these processes, can be used in the measurements of biomedical 
and chemical assays. The wavelengths of excitation % and 
emission for these processes are characteristic of the 
fluorescent and/or luminescent molecules and moieties being 
used. Wavelength ranges used are in the UV, visible, red and 
infra-red arts of the spectrum. A typical excitation range is 
260-800nm, a typical emission range is 320-1100nm. 

in the present Application, the luminescent processes being 
measured include fluorescence, chemi- and bioluminescence. 

In normal fluorescence, a fluorescent molecule or fluorophore 
is excited by external radiation, such that it absorbs light 
energy and re-emits light at a longer wavelength. The 
fluorescence may occur almost immediately, or later in time in 
which event it is referred to as time-delayed fluorescence. 
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in an alternative luminescent process, involving what is 
generally known as fluorescence or chemiluminescence energy 
transfer, energy is transferred from a donor molecule or moiety 
to an acceptor molecule or moiety, via a non-radiative 
mechanism. This mechanism can occur, eg via resonance of via 
electron transfer between atoms and molecules. Such 
luminescent donor and acceptor molecules may be fluorescent or 
chemi- or bioluminescent . The donor or acceptor molecules are 
generally different, and more than one molecule type may be 
used in either the donor or acceptor stage of the process. 

The activation of the donor molecules may be via excitation 
light in the case of fluorescence or via chemical activation 
in the case of chemi- or bioluminescence . With fluorescence 
activation there may be a short delay between the excitation 
of the donor and the emission of the acceptor, in the range 
microseconds to milliseconds. 

Energy transfer only takes place over very short distances 
(typically lOOnm) and therefore the donor and acceptor 
molecules need to be in very close proximity. This can be 
achieved by direct bonding (eg covalent) of the donor and 
acceptor molecules, or linking of the two molecules by a 
biochemical bridge (eg via a peptide link) . Alternatively, the 
molecules may be coated or bonded onto a solid phase, such that 
they are in close proximity (eg a microplate or bead) . In a 
further example, the energy transfer from the donor may be via 
a reactive intermediate product, eg singlet oxygen or some 
excited chemical radical, which diffuses, eg in a fluid, to 
interact with the acceptor molecule. 

Where no energy transfer takes place between the donor and the 
acceptor molecules, the donor molecule itself, when activated, 
will release energy directly as light, with emission wavelength 
characteristic of that molecule itself. When energy transfer 
occurs, the emission wavelength is characteristic of the 
acceptor molecule. Where the donor and acceptor molecules are 
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different, the light emission from the acceptor molecules may- 
be of a longer or shorter wavelength to the emission 
characteristic of the donor molecule. 

When used in biomedical or chemical assays, to measure the 
presence or activity of a compound or agent, these luminescent 
processes may be used as an indicator of the presence or 
activity of such a compound or agent. The increase or decrease 
in light emission, from the donor or acceptor molecules, may 
be used as an indicator of the unknown compound being assayed. 
For example, the unknown compound might interact directly or 
indirectly with the energy transfer process, eg break the 
bridge between the donor and acceptor molecules or otherwise 
inhibit the transfer process. This would result in a change 
in the relative intensity of light emission of the donor and 
acceptor molecules, which could be detected by measurement, for 
example, at the two or more wavelengths which are 
characteristic of each molecule. Thus a radiometric 

measurement involving various pairs of wavelengths 
characteristic of the molecules used may be appropriate. 

EP 0580362 Al describes a fluorescence detecting apparatus in 
which some of the fibres terminating below a sealed sample 
holder 7 convey excitation radiation to the sample, and others 
convey the fluorescence radiation away to a detector. On pages 
3 and 4, a preferred arrangement for weak fluorescence is 
described, in which the excitation fibres are concentrated in 
the centre of the bundle presented to the sample and those for 
receiving and conveying away from the fluorescence radiation 
are located annularly around the central excitation fibre core. 

It was no doubt thought that by concentrating the excitation 
radiation fibres into a central region of the sample, and 
collating the weak emitted fluorescence from an annular region 
of the central core, much of the unwanted excitation radiation 
reflected or refracted back towards the fibres by the sample 
(or the reaction site) , would thereby not be collected by the 



WO 00/05568 



PCT/GB99/02344 



6 

fibres leading to the detector. 

However it has been found that this creates a virtual dead 
region in the centre of the reaction site where the product of 
excitation and light collection for any point is very low or 
zero (due to the annular arrangement of the collecting fibres) , 
and genuine signals cannot be distinguished from background 
noise emanating from a large central area of the reaction site. 

The improved light collection system proposed by the present 
invention also seeks to overcome this problem since for 
reliable and accurate assay evaluation, not only is it 
necessary for good uniformity of response to exist between one 
well and" another over the entire well plate, but it is also 
very important that there is a high degree of uniformity of 
response across the area of each assay reaction site. 

Summary of the invention 

According to one aspect of the present invention in an assay 
luminescence detection system in which light is conveyed to a 
photosensitive detector by a fibre optic bundle via an 
interference filter, a blocking filter is positioned between 
the" bundle and the detector, the attenuation characteristics 
of which are such that light of a wavelength corresponding to 
that emitted by the sample and which is to be interrogated, 
will be transmitted largely unattenuated by the blocking 
filter, but light of other wavelengths, (such as that employed 
to excite fluorescence or unwanted light emitted by an energy 
transfer assay sample) is strongly attenuated by the blocking 
filter, so as not to reach the detector. 

Where the blocking filter is located in advance of a 
interference filter, between it and the ends of optical fibres 
transmitting light from the sample, unwanted light will be 
strongly attenuated before reaching the interference filter 
irrespective of the angle of incidence of the radiation on the 
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blocking filter. 

Where the blocking filter is located after an interference 
filter, between it and the detector, unwanted light which has 
broken through the former will be attenuated before it reaches 
the detector. 

Where two or more different interference filters are employed, 
each being selective of a different wavelength, and optical 
fibres leading from the assay are divided equally between the 
two or more interference filters, either a separate blocking 
filter is provided between the ends of the optical fibres and 
each separate interference filter, or one large blocking filter 
is provided encompassing all the interference filters, and the 
divided bundles of optical fibres terminate at the face of the 
large filter, at locations opposite each of the interference 
filters, or separate filters are provided beyond the 
interference filters in registry with the fibre optic bundles 
conveying the emitted light to the different interference 
filters, or a large filter which encompasses all the 
interference filters is located beyond the latter in advance 
of the detector. 

Positioning a blocking filter ahead of the interference filter 
can remove light rays such as arise from excitation radiation 
or other unwanted light emitted by a sample, and emit the 
fibres as Skew rays, that can be transit through the 
interference filter, and can have a sufficient intensity at the 
detector as compared with the intensity of wanted radiation due 
to assay luminescence, as to swamp, or be confused with, the 
latter, at the detector. 

A first blocking filter may be located between the bundle and 
the interference filter and a second blocking filter may be 
located between the interference filter and the detector. The 
attenuation wavelength of the first filter may be different 
from that of the first, or may be the same. 
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Where a blocking filter is located between che interference 
filter and the detector, it may also be selected to reduce the 
transmission of unwanted fluorescence emitted by the 
interference filter. Preferably, of course the materials 
forming the interference and blocking filter or filters, are 
selected for their low fluorescence properties. 

The characteristics of the emission filters required for 
detection of these types of luminescent processes, especially 
where the emission wavelengths of the acceptor molecules may 
be shorter or longer than the wavelengths of the donor 
molecule, has to be considered. 

In the case of fluorescein, which produces normal fluorescence, 
excitation light of, eg 485nm, produces fluorescent light 
emitted at a longer wavelength, eg 530nm. 

Any excitation light appearing at a 53 0nm band pass 
interference filter, with an angle to the filter satisfying the 
Fabry-Perot condition, will be transmitted. This is the case, 
eg for 485nm light arriving at -54°. In the case of fibre 
optic components, skew rays can be transmitted and enter the 
filter at such an angle. A blocking filter is needed to 
eliminate any light which might be transmitted by virtue of the 
Fabry-Perot condition, or by punch- through . 

In the case' of fluorescence energry transfer assays, where the 
excitation light is used to activate the donor molecules, and 
is say of wavelength 480nm, and is of shorter wavelength than 
the light emitted by the acceptor molecule, eg 540nm, then the 
same situation applies. This means that a blocking filter is 
required to absorb the 480nm excitation light that would 
otherwise be transmitted by the Fabry-Perot condition for the 
interference filter which is chosen to transmit the 540nm 
emission light. The blocking filter also helps to eliminate 
any punch- through of the 480nm light. 
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In the case of energy transfer assays where chemi- or 
bioluminescent activation of the donor molecules occurs, and 
hence no excitation light is used, there is still the problem 
arising from the donor or acceptor molecules having different 
emission wavelengths, and hence the need to detect the longer 
wavelength in the presence of the shorter wavelength, where the 
intensity of the shorter wavelength is significantly greater 
than the intensity of the longer wavelength. 

This is particularly the case where the emission wavelength of 
the acceptor is shorter than the emission wavelength of the 
donor, and where the energy transfer process has resulted in 
significant amplification of the signal generated by the 
acceptor molecules. Again a blocking filter is desirable to 
prevent light of shorter wavelength being passed by the 
interference filter, which will normally only transmit longer 
wavelength light, by virtue of the shorter wavelength light 
being transmitted through the filter by satisfying the Fabry- 
Perot condition, or by punch- through . 

In a typical example, blue excitation light having a wavelength 
of 485nm is employed to excite green fluorescence having a 
wavelength of the order of 53 0nm. Any blue light finding its 
way down fibres which should only transmit emitted green 
fluorescence, for example by reflection from the bottom of a 
sample plate containing the assay, may exit the fibres in a 
cone of Skew rays of sufficiently large angle to satisfy the 
Fabry-Perrot transmission condition of the interference filter, 
and an intense ring of blue light will be presented to the 
detector . 

Without the presence of the blocking filter proposed by the 
invention, this unwanted light will be conveyed via the 
remaining fibre optics to the detector (camera) . Unless this 
ring of blue light is eliminated by an angle collimating device 
ahead of the camera as already proposed, the ring of light will 
swamp the detector in the very region of the detector to which 



WO 00/05568 PCT/GB99/02344 - 

10 

low level green light due to sample fluorescence, will be 
conveyed, if present. 

Although an angle collimator will reduce the intensity of such 
a ring, it is not a complete solution to the problem, and in 
the presence of strong Skew rays, sufficient swamping can still 
occur to render green light at the detector virtually 
indistinguishable from noise etc. If the assay emits light for 
example by fluorescence, the small spot of green light 
attributable to the fluorescence can be surrounded by and 
essentially swamped by the ring of intense blue light produced 
by the unwanted breakthrough of excitation radiation even in 
the 'presence of an angle collimator. A blocking filter, as 
proposed" by the invention, fitted ahead of, or downstream of 
or both ahead and downstream of the interference filter, 
reduces this significantly. 

To be effective the blocking filter should have a sharp cut-off 
between transmission and attenuation, and a high attenuation 
of wavelengths beyond the cut-off point. In the example given 
above where the blue light wavelength is 485nm and the emitted 
radiation due eg to fluorescence has a wavelength of 530nm, a 
filter having a cut-off at 515nm has been formed to be 
appropriate, thereby transmitting (albeit with some 
attenuation) wavelengths of the order of 530nm, but very 
significantly inhibiting wavelengths of the order of 485nm. 

A filter having such a characteristic is a Schott filter, Type 
OG515. This transmits wavelengths of 515nm with a 50% 
transmission factor and above 515nm with an increasingly 
greater transmission factor, but severely attenuates 
wavelengths below 515nm, and at 485nm is highly attenuating. 

The use of a blocking filter provided by the invention does not 
obviate the need for an angle collimator as already proposed, 
but is preferably used in combination therewith. 
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The angle collimating device further reduces Skew rays and in 
practice is comprised of a fused fibre optic plate of the order 
of 5 -10mm thickness, which is mounted in advance of the 
detector/camera input. Preferably it is made from glass fibres 
of relatively low numerical aperture (NA) typically of the 
order of 0.30. Such a device transmits wanted rays within the 
numerical aperture 0.22 of the bundle of fibres, but greatly 
reduces Skew rays that would otherwise be transmitted by the 
bundle . 

By inserting the plate immediately in front of the 
detector/camera input face plate, any tendency for spreading 
or cross-talk between the fibres and the detector/camera input 
is reduced. 

If the angle collimating device is placed after the 
interference filter it is less important if the material from 
which the collimating device is constructed itself produces any 
fluorescence. It is for example difficult to obtain a fused 
fibre optic plate of non-fluorescent material such as silica. 

Reference has been made to Skew rays. In this connection the 
numerical aperture of a fibre is the cone -angle for the rays 
that are transferred with high efficiency by the fibre. In an 
ideal sense the condition only applies to meridional rays, ie 
those which pass along a plane including the axis of the fibre. 
The fibre is normally assumed to be a long cylinder. 

In practice such rays are vanishingly few and the light 
transmitted by a fibre is normally considered to be all the 
rays within the same cone angle but entering the fibre, at any 
point on the entry face of the fibre, since all these rays will 
also be transmitted with relatively high efficiency. 

Skew rays are therefore those that enter at any point on the 
end face of the fibre but at an angle greater than sin" 1 N A . 
The conditions for such rays to be transmitted are complicated 
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and difficult to satisfy but in some situations up to half the 
rays transmitted by a fibre can be Skew rays. 

In single channel assay systems, Skew rays are less of a 
problem since the light path in a single channel system can be 
highly collimated so as to more effectively remove them. The 
problem is more noticeable in multichannel systems, where there 
is insufficient space between the channels to allow optical 
collimating mechanisms to be accommodated for individually 
collimating each of the channels. 

The photosensitive detector is preferably a CCD, an ICCD, a 
cooled CCD, a photodiode array, or an array of PMT's. Whatever 
device is chosen, it should have good spatial resolution after 
centroiding so as to be able to resolve individual fibre 
bundles in the final image to give minimal cross-talk between 
channels. A preferred spatial resolution is 10-20 microns. 

The detector should have good quantum efficiency (QE) . 

Typically an ICCD will have a QE of 15% in the blue, falling 
to a few percent in the red. 

A cooled CCD will have better QE rising to approximately 30%' 
in the red. 

When the optical system presenting light to the detector/camera 
collects light from the sample via 100 micron diameter fibres 
(typically of the order of 100 microns diameter or less) , and 
maintains this resolution throughout to the input of the 
photodetector , such as a CCD camera, and where the latter has 
a spatial resolution of the order of 10-20 microns, inspection 
of the area of the CCD array on which any light from one sample 
is incident, will allow light from individual fibres in the 
bundles conveying light from the sample to the camera to be 
identified. This for example enables light from a clump of 
cells in a sample to be observed, as distinct and different 
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from light from separated individual cells, which can be 
useful . 

Where this requires a focusing of the light passing through the 
interference filter region, a Grin lens or other device may be 
used, such as is described in our aforementioned PCT 
Application WO 98/01744. 

It is to be understood that the provision of one or more 
blocking filters in accordance with the present invention can 
be incorporated in all such systems, including those 
incorporating different detectors, and those incorporating sub- 
well imaging using Grin lenses. 

The blocking filter or filters may be formed from a material 
which absorbs unwanted wavelengths but transmits at wavelengths 
near to those of the light emitted by the assay, and of 
interest . 

The invention also lies in a method of reducing unwanted 
wavelengths of light from reaching a photosensitive detector ' 
onto which light of a specific wavelength produced by a 
particular occurrence in an assay sample will fall in the 
presence of the occurrence, comprising the steps of: gathering 
the light from the sample by means of a fibre optic bundle, 
filtering all light leaving the bundle for the detector by 
means of two filters in series, one being an interference 
filter and the other an absorption filter, and selecting the 
latter so as to significantly attenuate light having 
wavelengths which could be emitted by the fibre optic bundle 
as Skew rays and which could as such satisfy the Fabry-Perot 
criterion for the interference filter and thereby break- 
therethrough to the detector. 

According to a further feature of the present invention, in 
apparatus for detecting luminescence in an assay sample in 
which light emitted by the sample is collected for transmission 
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to photosensitive detector means by an optical fibre bundle the 
cross-sectional area of which corresponds to the area of the 
sample and one end of which is located close to the sample for 
detecting any light emitted therefrom, selected ones of the 
fibres making up the bundle are separated from the remainder 
and extend to a source of excitation radiation, and serve to 
convey excitation radiation (if required to produce 
fluorescence) directly to the sample, and the remainder of the 
bundle of fibres serve to collect emitted light whether due to 
fluorescence initiated by the excitation radiation or 
otherwise, and provide a light path to the photosensitive 
detector, wherein the ends of the excitation fibres and the 
ends of the light collecting fibres are distributed uniformly 
over the area of the fibre bundle presented to the sample. 

The light collecting fibres forming the said remainder may be 
divided into two equal groups and convey light to two different 
regions on the detector, thereby providing two parallel light 
paths from the sample to the detector, and wavelength selective 
filters, conveniently interference filters, having Skew ray 
blocking means, are located in the two light paths which only 
permit selected wavelengths of emitted light to reach the 
different regions of the detector if present in the light 
emitted from the sample. 

Preferably the fibres making up each of the two equal groups 
are uniformly distributed across the area of the end of the 
bundle presented to the sample. 

Preferably the ends of the said selected fibres which convey 
excitation radiation to the sample holder are also uniformly 
distributed over the whole of the area of the end of the 
bundle, presented to the sample holder. 

In the preferred arrangement one third of the fibres in the 
bundle convey excitation radiation to the sample holder, 
another third of the fibres convey emitted radiation via a 
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first wavelength selective filter to a specific region of the 
photosensitive detector, and the remaining third of the fibres 
convey emitted radiation via a second wavelength selective 
filter to another specific region of the detector. 

Where the cross-sectional shape of the sample is generally 
circular and the fibre bundle is likewise generally circular 
in cross-section, the fibres are preferably arranged in a 
symmetrical pattern so that in the end face of the bundle 
presented to the sample holder each excitation fibre end is 
surrounded by a ring of six emission receiving fibre ends 
which, around the ring, alternately lead to the two different 
wavelength selected filters. 

Except for peripheral regions of the fibre bundle area, each 
emission receiving fibre will be a member of each of three 
separate but intersecting rings of emission receiving fibres, : 
centered on three excitation fibre ends which are immediate- 
neighbours of one another. 

By distributing the excitation fibres uniformly over the area 
presented to the sample, and likewise distributing the emission 
detecting fibres in a similar uniform manner, there is a* 
greater chance that excitation radiation will penetrate to 
sites which are capable of luminescencing , as by fluorescing, 
and there is also a good chance that the very small quantities 
of light emitted in response to such excitation will be 
collected by one of the emission detecting fibres, and conveyed 
to the photosensitive detector. 

Typically the samples are contained in small wells arranged in 
a matrix in a plate known as a well plate, at least one end of 
each of the wells being closed so as to retain a liquid sample 
therein, but the closure is sufficiently thin and transparent 
as to enable excitation radiation to penetrate into the sample 
and not to impede light emitted due, for example to 
fluorescence, from the sample in the return direction through 
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the base. 

Assay analysis often involves studying reactions which have 
occurred in hundreds or thousands of samples and it is 
commonplace for well plates to be constructed having a matrix 
of some many hundreds or thousands of wells. One typical well 
plate contains 3456 wells which is conveniently interrogated 
by investigating the luminescence from 96 wells at a time, 
using a presentation plate which aligns 96 fibre bundles with 
96 of the 3456 wells in the well plate, and stepping the 
presentation plate 36 times relative to the well plate so as 
to interrogate all 3456 wells. 

In the ease of a 3456 well plate having circular wells, 
typically each well has a diameter of 1mm whereas in the case 
of a well plate having a smaller number of wells, each well can 
be larger. The wells can in fact be of any cross-sectional 
shape but normally are circular or square. 

According to a preferred feature of the invention the two 
groups of emission gathering fibres from each of the 96 bundles 
are collated into two groups of 96 bundles, and each of the two 
groups are presented to an interference filter arrangement, 
each of which has a different filtering characteristic from 
the other, and further bundles of optical fibres transfer light 
capable of passing through each of the interference filters, 
to two discrete regions on the input faceplate of the detector. 

Where the filters are circular, the groups of fibres from the 
presentation plate are preferably re-arranged so as to 
optimally utilise the area of the filter, and where the input 
faceplate to the detector has a non-circular aspect ratio the 
fibres leading from the filters to the input faceplate are 
preferably rearranged so as to optimally occupy the active area 
of the detector. Thus in the case of a detector having a 
square input faceplate window, the fibres leading from the 
interference filter are preferably arranged in two rectangular 
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arrays making up a square corresponding in size to the square 
input window of the faceplate. 

Although rearrangement of the fibre bundles occurs, by- 
maintaining fixed registration between the 192 fibre bundle 
ends presented to the detector with the 192 fibre bundles 
derived from the 96 well inspecting bundles, the presence of 
emitted light from any one well can be determined by 
interrogating the X,Y coordinate positions in the detector 
array corresponding to the images of two fibre bundles in the 
two groups of 96 bundles presented to the detector, which 
correlate to the two groups of fibres from the fibre bundle 
inspecting the particular well. 

According to a preferred aspect of the invention, each of the 
fibre optic bundles presented to each well site, is made up of 
45 Ge-doped-silica clad, silica fibres, each typically of a 
diameter of 100-200 microns, 15 of which are separated out as 
a sub-bundle and combined with similar sub-bundles from each 
of the other 96 bundles, and which extend to a source of 
excitation radiation such as UV light. One or more filters may 
be located between the UV source and the sub-bundles. The 
remaining 3 0 fibres from each of the 96 bundles are divided 
into two further sub-bundles each of 15 fibres. This produces 
a total of 192 emission collecting sub-bundles, 96 of which 
lead to discreet positions at the input of a first interference 
filter, and the other 96 of which lead to discreet positions 
at the input of a second interference filter, which transmits 
different wavelengths from those transmitted by the first 
filter. 

Light transmitted to the interference filters, enters one or 
the other of two downstream groups of 96 sub-bundles arranged 
on a one to one basis with each of the two arrangements of 96 
sub-bundles upstream of the filters, and the downstream sub- 
bundles are merged to form an array of 192 sub-bundles having 
the same aspect ratio as that of the detector. 
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Where the aspect ratio of the detector is approximately square, 
the 192 sub-bundles are conveniently arranged into 14 rows, the 
first and last of which contain 12 sub-bundles and with each 
of the intermediate 12 rows, containing 14 sub-bundles. The 
array of rows and columns thereby defines what is essentially 
a square area with each of the corners missing, for 
presentation to a generally square aspect ratio detector. 

Typically the interference filters are circular and have a 
diameter of approximately 80mm. 

It is also to be understood that whereas the various aspects 
of the invention have so far been described in relation to well 
plates, each of the aspects of the invention is equally 
applicable to assay systems in which the samples occupy 
discrete areas of a membrane or gel or are distributed in the 
matrix of a sample support such as a wafer or chip of silicone 
or thin glass slide or sheet . 

The invention will now be further described by way of example 
with reference to the accompanying drawings, in which: 

In Figures 1 .and 1A, a well plate 10 is shown located above a 
presentation plate 12. The drawing is an exploded perspective 
view and the spacing implied by the drawing is an exaggeration 
of the actual spacing. In practice the presentation plate 12 
will be very close to the underside of the well plate 10. 

Well plates have tended to be constructed with either 96 wells 
typically arranged in 8 rows of 12 columns, but in recent years 
higher density plates have been constructed and a typical high 
density plate may contain, say, 36 times as many wells as the 
96 well plate. However the area of the plate is the same as 
is the basic matrix. The only difference in this case is that 
the well size has been decreased enabling six wells to be 
located along each row and six wells down each column in place 
of a single well in the original array. This means that 
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instead of there being twelve wells along each row, there are 
now 72 and instead of there being eight rows, there are now 4 8 
rows . 

To take advantage of this and to simplify the indexing of a 96 
aperture presentation plate, the latter is formed with openings 
which correspond in position to each of the original 96 wells 
of a 96 well plate, but equal in size to that of the wells in 
the 3456 well plate. This means that 96 of the 3456 wells can 
be inspected simultaneously by aligning the presentation plate 
12 so that the first of the 96 apertures (14) coincides with 
the first of the 3456 wells, at position 60 in the well plate. 
This means that the second aperture 18 in the presentation 
plate aligns with the seventh well 20 along the first row, and 
so on. 

Shifting the presentation plate 12 by a distance equal to the., 
distance between apertures 16 and 22 (the next well in the 
first row adjacent 16) means that all of the 96 apertures in 
the presentation plate 12 will now be aligned with a. new set 
of 96 of the wells in the well plate 10. By moving the } 
presentation plate successively through six steps parallel to 
the rows containing wells 16, 22 and 20, and for each step six. 
positions perpendicular to that row, in each case each movement 
corresponding to the distance between adjoining wells in the 
well plate measured perpendicular to the first row, (ie the 
distance between well 16 and well 24) , so every one of the 3456 
wells can be interrogated by 3 6 relative movements between the 
presentation plate and the well plate. 

In practice, the well plate is moved relative to the 
presentation plate. 

Each of the apertures such as 14 in the presentation plate 12 
serves as a termination for a fibre bundle made up of 4 5 
individual fibres. The fibres are shown terminating in two of 
the apertures for illustration only, one designated 26 and the 
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other 28. 

Each bundle of 4 5 fibres is made up of three groups of 15, one 
group such as 30 extending to an excitation light source, one 
group such as 32 conveying fluorescence light from a well 
aligned with the aperture 26 to an aperture 34 in a 
presentation disc 36. The third group of 15 fibres 38 extends 
to another opening 40 in a second presentation disc 42, for 
conveying fluorescence light to that other opening 40. 

The three groups of 15 fibres making up the other illustrated 
bundle leading to and from aperture 2 8 are denoted by reference 
numerals 44, 46 and 48 respectively and these extend from the 
excitation light source in the case of group 44 and to two 
other apertures 50 and 52 respectively in the two presentation 
discs 36 and 42 . 

Each of the latter includes 96 apertures arranged regularly 
over the circular area of each disc, and similar discs 36' and 
42' are aligned with the discs 36 and 42. Suitable optical 
filter discs 54 and 56 are sandwiched between discs 36 and 36' , 
and discs 42 and 42' . 

Apertures in the two discs 36, 36' (42, 42') are aligned on a 
one to one basis and fibres lead from each of the aligned 
apertures such as 34' in disc 36' to unique apertures in two 
groups of 96 apertures arranged in a rectilinear matrix in an 
output plate generally designated 58. The first such matrix 
is designated 60 and the second 62 and the fibres such as 64 
from aperture 34' and 50' lead to apertures • 34 ' ' and 50' ' in 
the matrix region 60 and the fibres 68 and 70 from apertures 
40' and 52' in disc 42' lead to apertures such as 40'' and 52'' 
in matrix 62 . 

The two matrixes 60 and 62 together form a generally square 
outline which conforms approximately to the square aspect ratio 
of an input window illustrated at 72 in a camera 74. 
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The excitation light source is denoted by reference numeral 76 
and between it and the 96 groups of 15 fibres such as 30 and 
44 is located a filter 78. The arrangement of the apertures 
such as 34 and 50 and 40 and 52 on each of the plates 36 and 
42 is as shown in Figure 2. Two of the openings are 
arbitrarily shown at 34 and 36. 

The arrangement of the two groups of 96 fibre ends in the two 
matrices 60 and 62 is shown in Figure 3. The camera typically 
has a generally square aspect ratio and the arrangement of the 
192 apertures making up the two matrices 60 and 62 makes the 
best use of the available generally square outline. 

In accordance with a particularly preferred feature of the 
invention, the three groups of 15 fibres making up the bundle 
of fibres at each presentation plate aperture such as 16, is 
as shown in Figure 4 . Here the solid black fibre ends 
correspond to those in' the excitation bundle 30, the clear 
circles correspond to those in the fibre bundle 32 leading to 
the first filter path containing filter 54, and the shaded 
circle corresponds to the fibres in the bundle 3 8 leading to 
the other wavelength selective path containing the second 
filter 56. 

Each of the fibres illustrated in Figure 4 is typically of the 
order of 100-200 microns diameter and is a Germanium doped 
silicon clad silica fibre having a numerical aperture of 
approximately 0.22. The fibre preferably includes a polyimide 
coating . 

Using fibres of this size means that when bundled into a 
generally circular cross-section array the outside diameter of 
the bundle will be approximately 1.7mm. 

The particular arrangement of fibres shown in Figure 4 has been 
found to be of considerable merit for ensuring high intensity 
of illumination from excitation light by ensuring that 
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excitation fibre ends are uniformly distributed over the whole 
of the circular area of the" fibre bundle and by uniformly 
arranging fibres leading to the two different wavelength 
selective paths equally uniformly throughout the remaining 
space, so an optimal excitation/collection characteristic is 
obtained for each well . 

Although bundles of very tiny fibres are required between the 
presentation plate 12 and each of the presentation discs 36 and 
42, the fibres leading from the discs 36' and 52' to the output 
plate 58 do not need to be made up of bundles of fibres but can 
be single fibres. Thus 64 for example may be a bundle of tiny 
fibres or a single fibre in each case having a typical outside 
diameter of 2mm. 

An angle collimating device 76 in the form of a thin plate may 
be located between the matrix array of fibre ends 34'' , 50' ' 
etc and the input window 72 of the camera 74. 

The filters 54 and 56 are typically interference filters and 
preferably are interchangeable to allow different wavelengths 
to be selected. 

Although the examples shown in the drawings are of a well 
plate, it is to be understood that the samples may be contained 
in any other supporting device such as a multi-well plate, 
multi-site membrane or gel or wafer or chip of silicon or like 
material . 

As indicated in Figure 1 the area of presentation plate can be 
significantly less than the area of the well plate where there 
is a high ratio of samples to inspection apertures in the 
presentation plate. Also, provided the arrangement and spacing 
and number of inspection apertures is suitable to align with 
groups of samples, and the one can be stepped relative to the 
other to obtain differing registrations, the aspect ratio and 
size of the sample support and the presentation plate can be 
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quite different. 

In accordance with the invention filters 78, 80 for blocking 
Skew rays are incorporated, as shown in dashed line in Figure 
1, for the purpose hereinbefore described. 

It is assumed that the interference filter is constituted from 
material which will not fluoresce, or any fluorescence produced 
by the filter is attenuated within the filter. 

If the interference filter does produce sufficient unwanted 
fluorescence as to create a problem at the detector, then a 
second blocking filter may be required between the interference 
filter and the detector. 

Interference filters 

As referred to herein, interference filters may comprise- a 
large number of thin layers of dielectric materials, having 
differing refractive indices to produce constructive and 
destructive interference in transmitted light. Such filters 
can be designed to transmit a specific waveband only (a band 
pass filter) and can also be made to provide a very steep slope 
cut-on or cut-off at a particular wavelength, and to produce 
an edge filter. 

Metallic layers may also be incorporated in such devices and 
in auxiliary blocking structures. Broadband interference 
filters usually contain a metallic layer. 

Narrowband bandpass interference filters can be considered to 
be a Fabry- Perot interferometer, operating in the first order. 

Examples of blocking and interference filter combinations 



Example 1 Fluorescein - a green fluorescence assay. 
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The peak excitation wavelength for Fluorescein in 485nm and the 
peak of the emission is in the range 518-523nm. 

An interference filter is chosen whose peak transmission 
waveband is 525-530nm and in accordance with the invention 
blocking filter is selected which attenuates wavelengths below 
515nm - such as a Schott OG 515 filter. 

Example 2 Coumarin - a blue fluorescence assay 

The peak excitation wavelength for Coumarin is 400nm and the 
emission wavelength peaks in the range 455-460nm. 

An interference filter is chosen whose peak transmission 
wavelength is 460nm and in accordance with the invention a 
blocking filter is selected which attenuates wavelengths below 
455nm - such as a Schott BG 455. 

Example 3 - Cy5 - a red fluorescence assay. 

The peak excitation wavelength for Cy5 is 649nm and the peak 
emission occurs at 670nm. 

An interference filter is chosen whose peak transmission 
wavelength is 680nm and in accordance with the invention a 
blocking filter is selected which attenuates wavelengths below 
665nm - such as a Schott RG 665. 

Example of energy transfer assay 

Here no excitation radiation is required to stimulate emission. 

One example of a Donor moiety is Luciferase which is a 
bioluminescent enzyme. An acceptor moiety could be a green 
fluorescent protein such as is derived from Renilla. 

In this case the Donor emission wavelength is 480nm and the 
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Acceptor emission wavelength is 520nm. 

If an interference filter is employed having a peak 
transmission, wavelength of 530nm, then the blocking filter is 
preferably one having a cut-off wavelength of 515nm - such as 
a Schott OG 515. 

Where energy transfer occurs between donor and acceptor the 
emission light to be measured is the acceptor emission at 
52 0nm. 

When energy transfer does not take place, then there will be 
little or no emission from the acceptor but the donor will lose 
energy as light at its characteristic emission wavelength, of 
480nm in the above example. 

In practice, both 520nm and 48Cnm will be monitored separately 
and the relative proportions of the wavelengths are measured. 

Since the energy transfer process is not 100% efficient, the 
donor constituent will continue to emit light at its 
characteristic wavelength of 4 3 0nm and the acceptor emissions 
will have to be measured against a background of donor 
emission. Thus in the above example, 520nm wavelength' 
emissions will have to be measured against a background of 
donor emi s s i ons at 4 8 Onm . 

Successful filtering will usually be achieved by selecting a 
blocking filter having a sharp cut-off between transmission and 
attenuation and a high attenuation of wavelengths beyond the 
cut-off point, and the latter (at which 50% attenuation occurs) 
■ is closer in terms of luminescence than to the peak wavelength 
of the nearest component of any unwanted radiation. 

Examples of energy transfer assays, such as bioluminescence and 
chemiluminescence assays are to be found in " Chemiluminescence 
: Principles and Applications in Biology and Medicine" by A.K. 
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Campbell. 1988. Published by Ellis Harwood Ltd of Chichester, 
England. 
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Claims 

1. Apparatus for detecting induced luminescence in an assay 
sample, in which light emitted by the sample is collected for 

.transmission to photosensitive detector means by a bundle of 
optical fibres and in which at least one interference filter 
is located between the optical fibre bundle and the detector, 
wherein a blocking filter is positioned between the bundle and 
the detector the attenuation characteristics of which are, such 
that light of a wavelength corresponding to that emitted by the 
sample due to induced luminescence will be transmitted by the 
blocking filter, but unwanted light of different wavelengths 
(such as- that employed to excite the sample or unwanted light 
emitted by an energy transfer assay sample) is strongly 
attenuated by the blocking filter, so as not to reach the 
detector . 

2. Apparatus as claimed in claim 1 wherein the unwanted light 
has a shorter wavelength than the emitted light. 

3. Apparatus according to claim 1 or 2 , wherein the blocking 
filter is located in advance of the interference filter between 
it and the ends of the optical fibres transmitting light from 
the assay sample, so that light of unwanted wavelengths will 
be strongly attenuated before reaching the interference filter 
irrespective of the angle of incidence of the radiation on the 
blocking filter. 

4. Apparatus according to claim 1, 2 or 3 , wherein a plurality 
of interference filters, each being selective of a different 
wavelength, are placed between the photosensitive detector 
means and the optical fibre bundle and a blocking filter is 
provided for each interference filter. 

5. Apparatus according to claim 1, 2 or 3 , wherein a plurality 
of interference filters each being selective of a different 
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wavelength, are placed between the photosensitive detector 
means and the optical fibre bundle and a single large area 
blocking filter is provided for all the interference filters. 

6. Apparatus according to any of the preceding claims, wherein 
the blocking filter has a sharp cut-off between transmission 
and attenuation, and a high attenuation of wavelengths below 
the cut-off point and is selected to provide 50% attenuation 
at a wavelength closer to the wavelength of the induced 
luminescence than to the wavelength of the nearest component 
of the unwanted radiation. 

7. Apparatus according to claim 6, wherein the induced 
fluorescence is produced by fluorescein and the blocking filter 
is a Schott filter, Type OG515. 

8. Apparatus according to any of the preceding claims, further 
comprising an angle collimating device. 

9. Apparatus as claimed in claim 8 wherein the angle 
collimating device is a fused fibre optic plate. 

10. Apparatus according to claim 8 or 9 , wherein the angle 
collimating device is made from glass fibres of low numerical 
aperture of the order of 0.30. 

11. Apparatus according to any of the preceding claims, 
wherein the photosensitive detector means is a charge coupled 
device, a cooled charge coupled device, or an intensified 
charge coupled device, or an array of photodiodes, or a PMT 
array . 

12. Apparatus according to claim 11, wherein the 
photosensitive detector means has a spatial resolution of 10-20 
microns . 

13. Apparatus according to any of the preceding claims, 
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further comprising a GRIN lens adapted to focus light passing 
through the wavelength selective interference filter. 

14 . Apparatus according to any of the preceding claims in 
which the blocking filter is an absorption filter. 

15. Apparatus according to any of claims 1, 2 and 4 to 14 in 
which the blocking filter is located between the interference 
filter and the detector. 

16. Apparatus according to claim 3 in which a second blocking 
filter is located between the interference filter and the 
dete'ctor . 

17. Apparatus according to claim 16 wherein the second 
blocking filter attenuates light having a wavelength which is 
different from that which is attenuated by the blocking filter 
between the bundle and the interference filter. 

18. A method of reducing unwanted wavelengths of light from 
reaching a photosensitive detector onto which light of a 
specific wavelength produced by a particular occurrence in an 
assay sample will fall in the presence of the said occurrence 1 ; 
comprising the steps of: gathering the light from the sampl'e 
by a fibre optic bundle, filtering all light leaving the bundle 
for the detector by means of two filters in series, one being 
an interference filter and the other a blocking filter, and 
selecting the latter so as to significantly attenuate light 
having wavelengths which could be emitted by the fibre optic 
bundle as Skew rays and which could as such satisfy the Fabry- 
Perot criterion for the interference filter and thereby break- 
therethrough co the detector. 



WO 00/05568 



PCT/GB99/02344 





SUBSTITUTE SHEET (RULE 26) 



WO 00/05568 PCT/GB99/02344 



2 /2 




96 holes 

spacing-3.9m_ _ 
in circle -75mm diam 




192 holes diam -2. .Omm 
spacing -1.9mm 
within 27x27mm 

)f Ci 



area of camera 



Fig. 3 



(30, 32,38) 



(32,38) 
emission fi bres 



excitation 
fibres 
30 




0-D- = 1.7 mm 



emission I 

o\\ rig. 4 

© x 2 



SUBSTITUTE SHEET (RULE 26) 



INTERNATIONAL SEARCH REPORT 


In' national Application No 

Ki/GB 99/02344 


A. CLASSIFICATION OF SUBJECT MATTER 

IPC 7 G01N21/64 








According to International Patent Classification (IPC) or to both national classification and IPC 






B. FIELDS SEARCHED 


Minimum documental Ion searched (classification system followed by classification symbols) 

IPC 7 G01N 


Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 


Electronic data base consulted during the international search (name of data base and. where practical, search terms used) 


C. DOCUMENTS CONSIDERED TO BE RELEVANT 


Category 3 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


X 


US 4 113 384 A (LAUER JAMES L ET AL) 
12 September 1978 (1978-09-12) 
figure 1 




1-18 


X 


US 5 736 410 A (ROSSI MICHEL 0 ET AL) 
7 April 1998 (1998-04-07) 
figures 6,30 

-/-- 




1-18 


[ )( | Further documents are listed in the continuation of box C. 


|)( [ Patent family members are listed in annex. 


0 Special categories of cited documents : 

T" later document published after the international filing date 
»a- H et4lfl IK « ^uu h ,„ „ A * or priority date and not in conflict with the application but 

^^^ff MSES re?e?ani hG * ^ °' ** 

" E " e ^ r H d0 ^ mGnt bUt pub,ished on or atter the interna,ional -X- document of particular relevance; the claimed invention 
ng aaie cannot be considered novel or cannot be considered to 
"L" document which may throw doubts on priority claim(s) or involve an inventive step when the document is taken alone 

^^n^S^^^S^^S^ °' an ° th0r " Y " document of particular relevance; the claimed invention 
citation or other special reason (as specified) cannot be c ^ lciQrB(i < 0 involVG an inven tive step when the 

"O" document referring to an oral disclosure, use, exhibition or document is combined with one or more other such docu- 
other means ments, such combination being obvious to a person skilled 

"P" document published prior to the international filing date but in tne art - 

later than the priority date claimed document member of the same patent family 


Date of the actual completion of the international search 


Oate of mailing of the international search report 


7 


October 1999 


15/10/1999 




Name and mailing address of the ISA 

European Patent Office, P.B, 5818 Patentlaan 2 
NL - 2280 HV Rijswijk 
Tel. (f31-70) 340-2040. Tx. 31 651 epo ni. 
Fax: (+31 -70) 340-3016 


Authorized officer 

Mason, W 



Form PCT/ISA/210 (second sheet) (July 1992) 



page 1 of 2 







INTERNATIONAL bcARCH rltrUnl 


In' -notional Application No 

h.f/GB 99/02344 




C.(Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT 




Category • 


Citation of document, with indication. where appropriate, of the relevant passages 


Relevant to ctaim No. 


V 

<<• 


X 


PRESTON L M ET AL : "Mlcellar 
electroki netlc capillary chromatography 

W 1 in label liluUCcU I I uut inictr iv- uc Lt?\-> i i ui i 

of amines in beer" 

JOURNAL OF CHROMATOGRAPHY B: BIOMEDICAL 
SCIENCES & APPLICATIONS, 
voi. o^d , no . i , 

18 July 1997 (1997-07-18), page 175-180 
XP004125695 

ISSN: 0378-4347 
page 1/0 —page Tigure i 




1-18 


& 


A 


GB 2 315 130 A (CAMBRIDGE IMAGING LTD) 
21 January 1998 (1998-01-21) 
f 1 gures 1 , 2 




1 —1 Q 




A 


US 5 697 373 A ( RICHARDS-KORTUM REBECCA 
ET AL) 16 December 1997 (1997-12-16) 
figure 1 




1 1 Q 

1-18 




A 


US 5 424 841 A (VAN GELDER EZRA ET AL) 
13 June 1995 (1995-06-13) 
figure 1 




1-18 




A 


PATENT ABSTRACTS OF JAPAN 

vol . 1996, no. u, 

29 February 1996 (1996-02-29) 

& JP 07 270718 A (MATSUSHITA ELECTRIC IND 

CO LTD), 20 October 1995 (1995-10-20) 

abstract 




1-18 


1 


A 


US 5 615 673 A (BERGER ANDREW J ET AL) 
1 April 1997 (1997-04-01) 
figure 1 




1-18 



Form PCT/ISA/210 (continuation of second shoot) (July 1992) 



page 2 of 2 



INTERNATIONAL SEARCH REPORT 

Information on patent family members 



im~ national Application No 

Ki'/GB 99/02344 



Patent document 


Publication 


Patent family 


Publication * 


cited in search report 


date 


member(s) t 


date 



US 4113384 



12-09-1978 



CA 



1083849 A 



19-08-1980 



US 5736410 A 07-04-1998 



us 


5674698 


A 


07-10- 


1997 


us 


5891656 


A 


06-04- 


1997 


AT 


170004 


T 


15-09- 


1998 


CA 


2144527 


A 


31-03- 


1994 


DE 


69320484 


0 


24-09- 


1998 


DE 


69320484 


T 


24-12- 


1998 


EP 


0660936 


A 


05-07- 


1995 


EP 


0723146 


A 


24-07- 


1996 


ES 


2123063 


T 


01-01- 


1999 


JP 


8501632 


T 


20-02- 


1996 


WO 


9407142 


A 


31-03- 


1994 



GB 


2315130 


A 


21-01- 


1998 


EP 


0910790 


A 


28-04-1999 












EP 


0910791 


A 


28-04-1999 












WO 


9801743 


A 


15-01-1998 












WO 


9801744 


A 


15-01-1998 












GB 


2315131 


A 


21-01-1998 


US 


5697373 


A 


16-12- 


1997 


CA 


2190374 


A 


19-09-1996 












EP 


0765134 


A 


02-04-1997 












OP 


10505167 


T 


19-05-1998 












WO 


9628084 


A 


19-09-1996 



US 


5424841 


A 


13-06-1995 


NONE 








JP 


07270718 


A 


20-10-1995 


NONE 








US 


5615673 


A 


01-04-1997 


AU 


5373396 


A 


16-10-1996 










CA 


2216641 


A 


03-10-1996 










EP 


0821563 


A 


04-02-1998 










JP 


11508033 


T 


13-07-1999 










W0 


9629925 


A 


03-10-1996 
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